Abstract. The enhancement and promotion of health is necessary to maintain the quality of life (QOL) of the aged population in developed nations such as Japan where the number of elderly has been increasing rapidly. For this purpose, low-resistance training using exercise machines ('Power Rehabilitation') has been established as a rehabilitation program. To investigate the individual factors which influence the effects of 'Power Rehabilitation', single nucleotide polymorphisms (SNPs) in the vitamin D receptor (VDR) gene and the ciliary neurotrophic factor (CNTF) gene were analyzed, and the relationship between SNP patterns and the effects of 'Power Rehabilitation' was evaluated. 'Power Rehabilitation' had an effect on the physiological functions involved in the activities of daily life (ADL) rather than muscle strength and size. In addition, certain SNP patterns showed better improvement of parameters associated with the effects of 'Power Rehabilitation' as analyzed by comparison between SNP patterns and factor analysis. Large scale analyses are required to ensure this tendency and to discover individual factors which may help to promote the health and QOL of the aged population.
Introduction
Recently, in developed nations in Europe and North America, there has been a trend towards an increase in the aged population with this age group being dominant (1, 2) . For example, the population of people older than 65 years has exceeded 20% of the total population in Japan and is predicted to be 30% by 2025, and 40% by 2055 (3) (4) (5) . In addition, the decreasing birth rate is also magnifying this trend. This phenomenon has led to nation-wide issues such as the rapid increase in the costs for medical care. Japan implemented an elderly care insurance system to resolve this issue in 2000. Although this system includes several operational problems, elderly people in Japan have reaped the benefits of this system which include a plentitude of senior care housing and the prevalence of rehabilitation institutes.
After one decade, since the start of the elderly care insurance system, the quality of life (QOL) of elderly people has attracted attention since senescence and its associated multiple disorders such as paralysis caused by cerebral vascular diseases and dementia have greatly reduced the hope of a well-fulfilled life for many elderly people. Thus, the development of procedures for the enhancement and promotion of health in aged people are required in the areas of medicine and welfare.
Low-resistance training using exercise machines is one of the procedures of the rehabilitation program developed in Japan (6, 7) . It is called 'Power Rehabilitation'. As shown in Fig. 1 , aged people who possess no or slight impairment of physical activity train using exercise machines. The weight loading for them is very slight and time for loading is 5 to 10 min. Using this program, some aged people improve their QOL and their ratio of impairment for assessment for the elderly care insurance system.
In this study, we investigated the relationship between the effects of 'Power Rehabilitation' and individual factors such as single nucleotide polymorphisms (SNPs) of particular gene(s) since the same program does not yield similar effects in all individuals and it is well known that many SNPs affect sensitivity for various diseases and physiological situations Effects of vitamin D receptor gene polymorphisms on low-resistance training using exercise machines:
The 'Power Rehabilitation' program SHIN-ICHIRO MURAKAMI  2 , TAKEMI OTSUKI  1 , MEGUMI MAEDA  1 , YOSHIE MIURA  1 , SEIKO MORII  2 ,   KENJI KIYOKANE 2 , SHIN-ICHI HAYAKAWA  2 , ATSUSHI MAEDA  2 , TAKAYO IMAKAWA  2 ,   SHUNPEI HARADA 2 , TORATARO HANDA  2 , YASUMITSU NISHIMURA  1 , SHUKO MURAKAMI  1 , such as bone metabolism (8, 9) . The results showed that various SNPs seemed to influence the effects of 'Power Rehabilitation', but we could not make a definitive conclusion due to the number of subjects and the relatively short period of observation. However, further study should proceed to assess individual factors such as SNPs to support health enhancement programs for elderly people and enhance their QOL.
Subjects and methods
Subjects and chemical and biological parameters. All 63 subjects (male:female 24:39, average age 76.78±9.65) were Japanese and had no to slight health impairments. Maximum impairment was defined as hemi-paralysis. In addition, most people had no or slight dementia, cancers and other progressive diseases. All subjects were enrolled in the 'Power Rehabilitation' program conducted in Iruka-no-Ie ('Dolphin's house') rehabilitation center conducted by Fukushima Rehabilitation Academy, Asakuchi City, Okayama Prefecture, Japan. Specimens were taken from subjects from whom informed consent had been obtained. This study was approved by the ethics committees of Kawasaki Medical School and Fukushima Rehabilitation Academy. As shown in Fig. 2 For genetical assessment, initially, four SNPs of the vitamin D receptor (VDR) gene, i.e., Bsm I (10), Fok I (11), Taq I (12) and Apa I (13), SNP of the ciliary neurotrophic factor (CNTF) gene (C174T in exon 9) (14), the Mnl I SNP in the glucocorticoid receptor (GR) gene (15) , and SNP in the promoter region of the interleukin (IL)-6 gene (16) were selected. The SNPs in the CNTF and IL-6 genes did not have convenient restriction enzymes to detect SNPs, so the PCR products were directly sequenced. However, since the last two SNPs were not well documented by PCR and sequencing methods, four VDR and CNTF SNPs were applied for analyses.
Analysis for SNPs. Peripheral blood was collected from the cubital vein using ethylenediaminetetraacetic acid (EDTA) as an anti-coagulant and applied for DNA extraction. Extraction was performed using the DNAQuick II DNA extraction kit (Dainippon Pharmaceutical Co. Ltd., Osaka, Japan). For the analysis of the SNPs of the VDR gene, extracted DNA was initially amplified using specific primer sets as shown in Table I and digested by Bsm I, Fok I, Taq I or Apa I. The digested PCR products were electrophoresed and SNPs were assessed as shown in Fig. 3 . The large type depicted by an uppercase character of the specific enzyme is the undigested genome and the small type shown by a lowercase letter of specific enzyme is the cut genome. For example, B/B and b/b type were un-cut and cut homozygous genomes, respectively. Table I . Analyzed SNPs and primer sequences for PCR. 
a Detection of the Apa I and Taq I sites was facilitated using a single amplification with primers in intron 8 and exon 9. b C174T in exon 9. c G174C promoter polymorphism.
- Genomic DNA from subjects were amplified using the primer set shown in Table I , and PCR products were digested by Bsm I-specific restriction enzyme. Digestion patterns were both alleles digested (b/b), both alleles undigested (B/B) and product including digested and undigested allele (B/b). Evaluation of the effects of 'Power Rehabilitation'. As shown in Fig. 2 , the 'Power Rehabilitation', the low-resistance training using exercise machines, was usually performed twice a week and continued for three months. Before and after the program, ten parameters for evaluation of 'Power Rehabilitation' were measured. The parameters (17) (18) (19) (20) (21) (22) were i) grip strength, ii) brain-grip reaction time, iii) the timed 'up & go', iv) six minutes of walking, v) one-legged standing with opened eyes, vi) anterior bending at sitting position, vii) 32 m of walking, viii) two minutes of stepping, and ix) ADL (activities of daily living) score, and x) measurement of muscle boundary length. In addition, the Barthel index was evaluated before and after according to previous reports.
Statistical analysis. The parameters for 'Power Rehabilitation' were calculated (post-value minus pre-value). The differences among SNPs in the individual parameters for evaluation of 'Power Rehabilitation' were analyzed by the Mann-Whitney test. In addition, factor analysis (23,24) was carried out. For this, SNPs were numbered from 1 to 3: 1, homozygous (indicated by a capital letter); 2, heterozygous, and 3, homozygous (lowercase letter). All the statistical analyses were performed using StatView software version 5.0 (SAS Institute Inc. Cary, NC, USA) and StatFlex version 5.0 software for Windows (Artech Co. Ltd., Osaka, Japan), which yields results that are compatible with SPSS software. Table II The effects of 'Power Rehabilitation'. As shown in Table III , the change of each parameter for evaluation of 'Power Table II . Analyzed polymorphism patterns. Rehabilitation' was assessed as post-and pre-values. Regarding muscle boundary lengths, there were no significant changes (all the mean changes were <1 cm), even though most of the lengths decreased. In addition, hand-grip was not remarkably changed. These may indicate that 'Power Rehabilitation' did not significantly affect muscle size and strength. 
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In contrast, most of the functional examinations such as one-legged standing with opened eyes and two-minute stepping were improved except for six-minute walking. These results suggest that 'Power Rehabilitation' is effective for physiological functions, particularly functions for ordinary daily life and may improve QOL of aged people.
In addition, although ASI was not significantly changed, 'Power Rehabilitation' slightly decreased total cholesterol, triglyceride, and LDL-cholesterol levels. Thus, 'Power Rehabilitation' may effectively prevent atherosclerotic progression in the aged population.
Relationship between changes in parameters for evaluation of 'Power Rehabilitation' and SNP patterns. As shown in Fig. 4 and Table IV , certain SNPs showed significant differences regarding parameters for evaluation of 'Power Rehabilitation'. Since individual muscle boundary lengths were not greatly changed upon completion of the 'Power Rehabilitation' program, most of the SNPs did not affect these. However, VDR Apa I and VDR Bsm I SNPs influenced the muscle boundary lengths in certain muscles. In addition, F+ VDR Fok I SNP, A+ VDR Apa I SNP, and C/C CNTF SNP were associated with a better tendency of functional examinations such as brain-grip reaction time and 32-m walking. Moreover, the B+ VDR Bsm I SNP was better associated with a decrease in body fat ratio.
These results indicate that certain SNPs may influence the effects of 'Power Rehabilitation', although the number of subjects was relatively small in this study.
Factor analysis. Upon assigning the SNP pattern a number as described above, factor analysis (23,24) was performed using Table V . Factor analysis. 
muscle boundary lengths, functional tests, SNP pattern and general blood examinations. As shown in Table V , VDR Bsm I and Taq I SNPs were related to the muscle boundary lengths revealed as Factor 1. In addition, these two SNPs and VDR Apa I SNP were associated with blood examinations revealed as Factor 2. In contrast, although certain SNPs were related to certain functional tests individually, no factor was consistent with SNPs.
Discussion
Genetic factors have been implicated in the incidence of various diseases such as cancer (25, 26) , cardiovascular diseases (27) (28) (29) and osteoporosis (8, 9) . In addition, recent evidence has revealed that certain SNPs may influence the effects of therapeutic drugs and molecular targeting medications for cancers (30) (31) (32) (33) . The beneficial utilization of individual genomic information may be useful, not only to establish individualized medical diagnosis and therapy, but also to prevent many diseases (25) (26) (27) (28) (29) (30) (31) (32) (33) . Furthermore, genetic information may be used as a tool for the enhancement and promotion of health and for modifying lifestyle to avoid the occurrence of common disease.
The increase in the aged population in developed nations such as Japan has created a huge problem in a medical and economic context (3) (4) (5) . The nature of diseases has changed during the last three decades in Japan, and the increases in the costs for medical and welfare services have burdened the national budget, exacerbated by the rapid decrease in the working population in Japan.
It is important to maintain and enhance the health of the aged population. An enhanced QOL of the aged population may reduce medical and welfare budgets. For this purpose, 'Power Rehabilitation' was developed in Japan, not only to prevent cardiovascular diseases and dementia, but also to improve QOL of aged people (6, 7) . This results in a definite improvement in the rank of the caring score according to the national elderly care insurance system in Japan.
Taken together, it may be important to evaluate how individual factors such as genetic polymorphisms influence the effects of 'Power Rehabilitation'. This study was carried out for this aim.
The results demonstrated that the 'Power Rehabilitation' program improved the physiological functions for activities of daily life (ADL) and enhanced QOL rather than enhancing muscle strength and size. This is reasonable since the resistance for training using exercise machines was low and was designed to maintain muscle strength and size, not to enhance. However, during the three-month 'Power Rehabilitation' program, muscle function and integrative physiological functions improved, therefore achieving the program's aim.
The SNPs analyzed in this study were initially chosen as they were reported to be associated with muscle strength or bone metabolism, since these two organs are considered as two of the most important for enhancing QOL and ADL for the aged population. However, although factor analysis identified various SNPs which tended to the same vector with muscle strength, individual analyses showed no strong relation between SNP patterns and muscle size and strength. Surprisingly, some SNP patterns correlated with the effects of functional tests for ADL. This may encourage the analyses of individual factors including genetic information leading to effective rehabilitation for the aged population.
Our study had a limited number of patients, and all subjects received 'Power Rehabilitation' in a single institute. An enlarged scale of analysis may be required to assess the effects of genetic factors to benefit the 'Power Rehabilitation' program.
